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K-
.éls'l'he Growth of Logical Th:mkmq* Plaget and Inheldeé descr:.be the oper—
atlo

nd schemata which are postulated as being the characteristics of formal
operatlonal thought. Those formal thought characterlstlc.s , therefore, are u.sed

! in solving problems and re.,pondmg to questions which require formal thoughit.’

The hypothesm can be made, therefore, that persons who possess Pertam charac- . "

teristies of formal thought will do better on tasks judged as requ.xrmg those ,
.characteristics than those persons who do not possess them,

Using the individual interview| technique, " 22 st.udents enrolled in secondary .

« $€chool biolog§ were ev_a;uated for tHeir abilities to'use cambinatorial logic,
correlation reasoning, separation and control of va\uriable’s, lusion of irrel-
" evant variables; proportionél reasoning, and probabilistic rXéning. The pér—
fonnaan each student in the lntemews was' treated as a measure of the degree

" to whlch that vtudent gould function w1th thosg six formal—thought characterlstJ.CSa

The research began by pzeparu}g several bJ.ology questlons which required
one or nore of the foregoing six formal operdtlons in responding satisfactorily.-
) ‘%questions were content val idated and the .operations required were glso h
' judded. Both validat}éns were done by paneLsJ; On.’ty two questions survived both
valldaéié . ' ‘ *
Question One was udged to require oorrelatlon reasoning, combinatorial
logic, separation of variables ‘and exclusion reasoning. The 22 studmts, there-

Tore, could have shown formal thought 88 times; -only 24 such instantes were found.

| Question Two was judged to require combinatorial, probabilistic and .proportional
reagdning and the separation of variables. Agaih it was possible to demonstrate
formal thought on Question TWo 88 times; formal thought was demonstrated 25
times. At no time were. the spec1f1c formal. Operatloné indicated by the panel” as
being needed to solve Question One used by the 24 students wiio demonstrated on
the tasks they could usellthx specific operations.. Only seven times -- of 25 °

posEible -- on Question Two wire the specific formal opérations used that wete ~.
@ited by the panel as being necessary to produce a satisfactory response to that

question. In a very few cases formal thought was demonstrated on the qu:astigns
but had not been demonstrated during the interview. Those few deviations will“he
treated in the presentation. . . |

A )

*Barbel Inhelder and Jean Piaget, The Growth of I.og-cal Thinking, Basm Books,
‘Inc., NewYork, 1958 "
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- In view of the data cited earlier, the conclusion was; drawn that u;ing
specific formal operations with which students demonstrate they can funcuon,
is not a good predlctor of success en a questg.on whose satlsfactoxy response
requires those specxflc fonhal operations. The'eijlanathn‘for_that conclusion,
we believe, 1s found “in the fact that, wlth ‘one ‘eéxception, Buccess on the ,inter-

. View tasks are hjghly correlated with. each.other. That piece of empirical data -

points to the unity of formal ‘thought.
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MEASURED FORMAL THOUGHT AND THAT REQUIRED , o .-
: TO UNDERSTAND FORMAL CONCEPTS IN - : S
SEcmnAmzsaiooLBIom

A | Abstract
" In The Growtlrx 'of Logical Thinking*, Piaget and Inhelder describe tne oper- '
ations and schemata Wthh are postulated as being the charactenstlcs of formal
’ operamonal thought. 'I‘hose formal thought charactern.stlcs, therefore, are u.sed
1n solv:mg problems and responding to gquestions which requlré formal thought.

\ The hypot.hemsacan be made, therefore, that persons who possess oertam charac-
teristics of formal thought will do better on tasks judged as requlrmg those .

. characteristics than those persons who do not possess. them, =~ -

Using the individual. interview technique, 22 students enrolled in seoondary
school biology were evaluated\ for their abjlities to use canbinatorial logic,
correlation reasoning, separation and cthtrol of va.ri.ableq, e}éclusion of irrel-’
evant variables, proportional reasoning, and probp.blllstn.c reasomng. .The péx;-

- formance of each studenc in the interviews was treated as & measure of the de'gree
to which that student could function with those six formal—thought characteristics. .

- The research began by preparing several blology quesiions whick required

. \ One or rore of the foregoing s:.x formal operatlons in ‘espondlng satlsfactorlly.

. The questlons were content valldated and the operatlons required were also
judged. Both validations were done by panels. Only two questlons surv,ived both
validations. ' . r N

’ . Question’ One was judged to require correlation reasoning, canbma'torlal
' logic, separation of variables' .nd exclusion reasoning., The 22 students, there-
fore, could have shown formal thought 88 times; only 24 such instances were found.-
Question Two was judged to require’ conbinatorial, probabilistic and proportiopal
. reasonmg and the separation of variables. Again it was possiblg to demonstrate
" fotmal thought on Question Two' 88 times; formal thought ,{mi(demonstrated 25
W - times. At no time were the specific formal operatlons indicated by the panel s
bemg needed to solve Question One used by the 24 students who damnstréted on
the tasks they could use those spec:.flc operatlons Only seven times —— of 25
_ possible -~ on Question- Two were the specific formal operations™Used that were _

' cited by the panel as being necessary to prodyce a satisfactory response to that
question. In a very few cases formal thought was de:ronstrated’ on the quest:.oqs
but had not been demonstrated during the jn:erview; Those few deviations will be.
treated in the pi:es‘entation. | ) \

*Barbeli’ Inhelder and Jean Piaget, The Growth of Loglcal Thinking, Bas:c Books,l
‘Inc., '.ew York, 1958 .
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. In view of the data cited earlier, the conclusion was drawn’ that ﬁsing RN
specific formal operations with which students demonstrate they can function, °
is not a good predictor of ‘success on a question whose satisfactory response
requires those specific formal operations,’ The explanation for that cénclusioh;

- we believe, is ﬁound in the fact. that, with one exception, success. on the inter-

view tasks are hlghly correlated mt.h each othe.r That pJ.ece of enplncal data

pomts to the umty of formal ﬂpught. . .
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MEASURED FORMAL THOUGHT AND THAT REQUIRED
TO UNDERSTAND FORMAL CONCEPTS IN
SECONDARY SCHOPL BICLOGY ‘'

. . [ . " 3
Purpose of the Study. '

'I‘he research to be reported was done to test the following.hypothesis: _
If speclflc formal operatiqns are requlred to understand certain biological con= .
cepts, thea those hlgh school students demonstratipg the a.bll:Ltles to use those v - -
speclflc formal operacxons should be successful in develop:mg mderstandmgs of
biological concepts requlrmg the use o‘f those spec:.fn.c formal operat:.‘ons.

Theoretical Basis for the Study. ™ . ,

Acoord.mg to Inhelder and Fiaget (1958), formal thought eructures have
many specxf:.c characterlstz.cs which enable formal operatlonal thinkers to separate ’
and cont.rol variables, use excluslon of irrelevant var:l.ables and ‘ecnbindtorial ’
reasoning and many other reasoning abilities. Presumbly those operations are '
available to fomal th.mkers to use to solve problems which require formal opera-
t.:.’énal thought. . Suppose that some formal blology concepts were analyzed to ascer—
tain-the spec1£10 formal operatlons required to understznd those ooncepts and the
tlmght of blology students wasg analyzed to determine which formal operetlons they. ,
‘are capable of using. Camwparing the types of thought the' concepts reun.red 0.
the typgs of thought the students possess might be useful in determining véhy stu—
dents demonstrate misunderstandings of formal ooncepts as research'has shown
tlaey do -(Marek, in press; Remner, et. al., 1981; Shepherd and’Renner, 1982).-

b

1\

Procedures‘ of the Study. .

i 'I‘he student sample Wthh supplied the data included here consisted of 22
tenth—grade biology students from a large sububan high school. The students were
in the honors class in biology in .which the BSCS Blue Vérgion was used.

Each student responded individually to six Inhelder-Piaget tasks (1958) de-
‘sigred to measure the- students‘ levels of funct:.onmg on Spec1fn.c formal operat:.ons.
'mose tasks are: Combinational \reasonmg ’ cqrrelatlon reasonmg, exclusion of

levant vanables, pmbabﬂ.lstlc reasoning, proport:.onal reasonmg and the sep- |

aration and control of varlables. The IIA, IIB, I1IIA, IIIB designations of Plaget
were used in scoring the performamce o. each interviewee on each tas:c.

In order to compzre student us& of the formal operata.ons on the tasks with
the use of those same formal.operations in answermg questions, ansv.ermg the ques-
tions oorrectly had to require the use of formal operational thought.. Using the
criteria for a formal concept established earlier (Lawson and Renner, 1975), sevexial

>



' questlons were’ prepared and submitted to a panel of biology teachers and blologlsts
for contex)t validation. In addition, the formal operat:.ons required in ansmermg
the questions were also judged by an expert panel. Only two questions survived
both'validations. The questions were aiv ~ to a group of high e~ ~1 students in
‘a non-participating school to gain an idea of the types of answ -~ could be
expected and to test the questions' language and reading levels. i ,
~ . Question One tested understanding of the concept: "Plant growth is not
affected by chemicals." ‘Responding to Question One correctly was judged by the
- validating panel to requlre the spec1f1c formal operations of correlatlon, combl-
natorial logic, separation of variables and exclusion of relevant variables,
Qugstion Two tésted understanding of the roncept: ‘“Heredity afd environment inter-
act in the expression of tra:.ts." That question was Judged to requ::.re the use of
the specific formal operations of probability, combinatorial logic, separation of |
vanables and proport:.onal reasoning in formulating a sat:.sfactory response. The
perfonnance of every student on each operat:.on requlred to respond satisfactorily
to each question was ccm_oared with the performance of the J.ndlv:.dual students on
each interview task -

?

Results.

If all twenty-two students in the sanple were formal, formal Operatlonal
thought would have been demonstrated 88 times on each question--22 students and
four operatlons per question. Not all 22 students, however, ‘were classed ITIA

' or IIIB. In-fact, amng those formal operations needed to sat,lsfactorlly ‘respond _
to Question One, IIIA and ITIB thought were demonstrated only 24 times (27.3 pex-
- cent). the' formal operations needed to sat:Lsfactorlly respond to Question \
WO, Im 1118 thought were demonstrated thmugh the interviews 25 t.unes (.28.4
percent) . a o ’ o

On Questmn Orie 24 agreements between t.he formal operatidns demonstrated on
tpe tasks and those formal operatlons needed to satlsfactorn.ly respond.to the ques-
tions cpuld have been found. No agreenments were found A total of 25 such formal
thought agreements could have been found on Questlon Two; seven--28 percent—were
isolated. In. sum, agreenent between the performances on tasks and questlons could
have occurred 49 tmes ‘and that. agreement. occurred only seven times--14.3 percent.

Farlier the point was made that if all the students were found operational,
formal tlfnught could have been demonstrated 88 times per question; foimal thought
was demonstrated 24 times’ on Question One and 25 times on Question Two. The con-
verse of the foregoing Smrmary statement is that fonnal operationai thought was

. SV
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. pot demonstrated 64 times. m*QLxeetiQh One and 65 times on 'Question TwC .

Four times on Question One and nme times on Qbestion Two a particular for-
mal operat.xon was used by a student in satlsfactonly responding to.a question.
'I‘hat same student, however, had not demonstrated campetency with that particular
foxmal operation during his/her task interview. One person contributed three of
these incidents on Question One and three on Question Two. No other person dis-
played that event more than twice. ‘' Our 'ju.dgment is that that person should be -
dropped from further consideration because of such conflicting data. When thab
student is" dropped fram further ¢onsideration, the discrepant event just described
occurred only once of 64 possibilities (1. 6 percent) on Question One and 6 of 65

possxbllltles (9.4 percent) on Question Two. OCbviously, the event is not important -

on Questlon One. The class had just completed a unit on genetics and pechaps the
concrete operatlonal students had retained enough memorized information to glve
the cppearance of using the proper formal operation. ' -’

The data presented here do not support the Hypothesis stated earlier. Even
if stwents démonstrate the ablilty to ‘use Specn.flc formal operations on-the inter-
view tasks, there is not assurance that those same formal cperations will be used
in responding to a quéstlon which J.S judged to require theJ.r use in order to pro-
duce a satisfactory response. Earlier research (Lawson and Rennér, 1975; Cantu
and Herron, 1978) has demonstrated that formal thought is. necessary to,learn for
mal concepts, which the concepts in this research were judged to be. To conclude,
therefore, th:at specific formal operations are mot necessary, seems contradictory.
There is, we belleve, an e.xplanatlon for that occurrance which points to the umty
of formal thought. ' o

Table 1 shows the correlat:.ons which exist among student performances on
_ the "formal Operatlonal task taken two at a time. With one exception--proportipnal
reasoning versus combmatorlal reasoning--all those correlatlons are positive-and
many are réasonably high. . Those data suggest that looking at”the individual formal
operations is not necessary; all that is necessary is to know that a person is
formal operat.xonal to predict what types of concepts he/she will be successful
with. ‘

h
“

Irrle.'.cationsAfor Science Teaching.
The results of this research do a great deal to sinmplify the work of the
science teacher. The exact formal operations necessary to understand a formal con-
“cept need not be isolated. The criteria established earlier (Lawson /and Renner,
1975) can be used to identify formal conoepts and those oconcepts can be then used:
with students who have been evaluat:d as reasoning at the formal level. Further-

4
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i\:’tbrt-;', fewer tasks can be used to assess the operatgal levels of students. That
finding is consistent with the findings of Shayer Adey (1981).

Table 1¢ Correlations Among Student Performances on the Forn\alrbperational Task
Interviews - -~

A 1B ] ¢ | D E |F A Probability
A 1 B ' Correlatiof?
: - D Separation of Variables
C 0.23] 0.42] 1 E Proportion
D 0.35] 0.41] 0.40| 1 F  Exclusion of Irrelevant®
Variables o
E 0.36} 0.68}. 0 0.51} 1 : f
F | 0.50] 0.5} 0.16 0.37] 0.64 | 1
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